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We report here measurements of fusion cross-sections for the16O1 112,116Sn and32S1 112,116,120Sn systems.
The set of systems studied with widely varying ground stateQ values for the transfer of neutrons is a good case
to understand the influence of single and multineutron transfer on the fusion process. The evaporation residue
cross-sections were measured in small energy steps covering the region around the Coulomb barrier
('0.8Vb to 1.2Vb). The data have been analyzed in the framework of a coupled-channels formalism using the
coupled-channels codeCCFULL. A comparative study of the16O1 ASn and32S1 ASn systems suggests that the
fusion process is predominantly influenced by coupling to collective excitations with coupling to multiphonon
states~of target and projectile! becoming increasingly important for heavier systems. From the present analysis
an unambiguous signature of the role of coupling to neutron transfer channels could not be inferred.




































The dynamics of the heavy-ion fusion at energies aro
the Coulomb barrier is strongly influenced by coupling
other reaction channels@1#. The role of collective excitations
in enhancing the fusion cross sections at energies below
barrier in comparison with the predictions of 1D-BPM h
been clearly brought out by the large number of experime
results@2,3#. Coupled channels calculations@4# correctly ac-
counting for these effects give a good representation of
experimental data in most of the cases studied. The rol
transfer channels, in particular positive ground stateQ-value
transfer channels in influencing the fusion process is h
ever not so apparent and is not well understood either. A
experiments have pointed to an enhancement over and a
the coupling to collective excitations which could be attr
uted to neutron transfer@5#. However, it becomes difficult to
make an unambiguous statement regarding role of tran
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reactions in fusion in the presence of strong coupling to s
face vibrations, which is generally the case. The fusion b
rier distribution which was shown to be related to the seco
derivative of the fusion excitation function@6,7# contains all
information about the channels which are coupled. The b
rier distribution can, to some extent, help in identifying t
signature of the influence of single and multineutron trans
channels on the fusion process@8#.
Several efforts have been made to isolate the effec
transfer of few nucleons on the fusion process. Most of
experiments performed studied systems having posi
ground stateQ-value neutron transfer channels because t
would give rise to a barrier lower in energy than the inelas
coupling and can be identified. Recently the40Ca1 90,96Zr
systems studied by Timmerset al. @9,10# were a strong case
for the study of the interplay of collectivity, transfer an
fusion enhancement. A large isotopic dependence was
served, with96Zr showing larger enhancement than90Zr at
energies below the Coulomb barrier. The shape of the ba
distributions in these two cases were also markedly differe
For 40Ca1 90Zr case it could be reproduced by couple
channels calculations including couplings only to the surfa
excitations of 90Zr, whereas for the latter case these we
responsible for only part of the asymptotic barrier shift a
could not explain the isotopic effects. This extra enhan
ment was attributed to coupling to transfer channels as u
eight neutron transfer had positiveQ values for the 96Zr
target while for 90Zr all transfer channels had negativeQ
e-
In-




































































VANDANA TRIPATHI et al. PHYSICAL REVIEW C 65 014614values. This was taken as an empirical evidence of the in
ence of multineutron transfer with1Q values on the sub
barrier fusion process assuming the effect of coupling to c
lective excitations to be similar in all the isotopes. Howev
in another paper it was observed that96Zr has a strong 32
collective excitation which is not as dominant in90Zr and
could play an important role in the fusion enhancement. T
systems36S1 90,96Zr @11# were studied to investigate the in
fluence of the 32 octupole state of96Zr. This is an interest-
ing case where all neutron transferQ values are large and
negative. The results very well indicate that the coupling
the strong 32 vibration of 96Zr brings a large contribution to
the cross section enhancement. However it does not pro
a barrier distribution as wide as that extracted for the40Ca
1 96Zr case. In the analysis of the40Ca1 90,96Zr data by
Pollaroloet al. @12#, it was shown that the difference in th
barrier distributions could be ascribed to the relative lar
strength of the 32 state in the case of96Zr than to the influ-
ence of1Q-value neutron transfer channels. The measu
ment on 40Ca146,48,50Ti by Sonzogniet al. @13# is another
example where attempt was made to look for the role
transfer channel couplings. The interest in the above sys
lies in the opposite target-mass dependence of surface v
tion couplings and neutron-transfer couplings.
As seen from the preceding paragraphs, in order to dis
tangle the influence of collective excitations and neut
transfer channels in enhancing fusion cross sections at e
gies below the barrier, one needs to select cases where
pling to inelastic excitations are similar or weak. In this p
per we report fusion cross-section measurements for
16O1112,116Sn and32S1112,116,120Sn systems in an effort to
bring out the relative importance of couplings to collecti
states and neutron transfer channels with positive gro
stateQ values. In our measurements we have concentra
on the Sn isotopes, as all the isotopes are spherical
similar shell structures. The lowest quadrupole and octup
states are collective in nature and there are no major di
ences in either the energy levels or the deformation va
for the different isotopes. Of the Sn isotopes (112Sn, 116Sn,
and 120Sn), that we have studied a complete level struct
of 116Sn has been studied up to an excitation energy of
MeV. The existence of two- and three-quadrupole phon
states could be identified@14#. The low lying collective states
in 112,120Sn which have been studied in detail also show
evidence of the existence of two-phonon states@15–17#. The
B(E2)↑ values of the transitions from the first 41 state and
the second and third 21 states are enhanced with respect
the single particle estimates, which indicates that these s
have a character of two-phonon vibrational state. TheJp
512 states has been studied in many even-even isotope
Sn @18#, and this has been identified as a member of
multiplet of the mixed quadrupole- octupole (21 ^ 32) mul-
tiphonon states. Thus there exists sufficient experimental
dence to support the existence of multiphonon states~at least
two phonon states! in the Sn isotopes.
Since the Sn isotopes are very similar in nature, stro
isotopic dependence is not expected as far as the colle
excitations are concerned. To look for the subtle differenc


































coupling to the inelastic excitations of the16O projectile are
not expected to play an active role in the fusion process@19#,
so any small difference in the two systems may be de
phered by comparison of the two systems. The absenc
any positiveQ-value neutron transfer channels in these s
tems makes the comparison quite straightforward. One
easily establish whether at all there is any difference in
effect of vibrational coupling in these systems. The32S
1 112,116,120Sn systems studied enables us to study the is
pic dependence of the fusion excitation function due to c
pling to 1Q-value neutron transfer channels. The grou
state Q values for the different transfer~neutron pickup!
channels are given in Table I. The system32S1 120Sn is par-
ticularly interesting to study as it has up to six1Q-value
neutron transfer channels. It offers the possibility of study
the effect of multineutron transfer on the fusion process
comparative study of the16O1 ASn and 32S1 ASn systems
should be able to bring out the relative importance of co
pling to collective excitations and transfer channels. We w
also explore the coupling effects of one and up to three p
non states on the sub-barrier fusion process in the framew
of coupled-channels formalism.
The paper is organized as follows. Section II presents
experimental set up used for the measurements while Se
describes the data reduction techniques. Section IV gives
details of the analysis of the data within the coupled chann
model. The experimental results and conclusions are sum
rized in Sec. V.
II. EXPERIMENTAL DETAILS
The experiments were performed using pulsed16O and
32S beams from the 15UD Pelletron accelerator at Nucl
Science Center~NSC!, New Delhi. The targets used wer
enriched112Sn ~96.3%!, 116Sn ~99%!, and 120Sn ~98%! iso-
topes of thickness 68mg/cm2, 85 mg/cm2, and 50mg/cm2,
respectively with a Carbon backing of approximate
15 mg/cm2. The targets were placed with the carbon faci
the beam. Fusion cross section measurements were
formed in the laboratory energy range of 52 to 70 MeV f
16O and 110 to 140 MeV for32S covering 8% below the
barrier to 12% above barrier in energy steps of 0.5 to
MeV. The fusion cross sections were obtained from the dir
TABLE I. The ground stateQ values of the neutron pickup
channels~in MeV! for the systems32S1 112,116,120Sn. ‘‘n’’ is the
number of neutrons in each case.
n 32S1 112Sn 32S1 116Sn 32S1 120Sn
1 22.145 20.920 20.466
2 1.092 2.950 4.466
3 23.193 20.364 2.125

























































ISOTOPIC DEPENDENCE AND CHANNEL COUPLING . . . PHYSICAL REVIEW C65 014614measurement of the evaporation residues~ER’s!. For the sys-
tems studied and in the energy range under consideration
contribution from fission is estimated to be negligible, hen
the fusion yield is taken to be equal to the sum of the
yields. The ER’s were detected at the focal plane of the
coil Mass Separator HIRA~Heavy Ion Reaction Analyzer!
@20# at NSC. HIRA disperses the ER’s according to th
m/q, rejecting the intense beam background. HIRA was k
at zero degree with respect to the beam direction and a s
angle of acceptance of 5 msr (62°) was used. Angular dis
tribution of the ER’s were measured in steps of 1° and 2°
a few representative energies by rotating HIRA about z
degrees. The focal plane detector used was a 50350 mm2
two dimensional position sensitive silicon strip detector.
time of flight ~TOF! was set up with the start pulse from th
focal plane detector and stop pulse from the rf signal fr
the Pelletron. The flight time for the ER’s through HIR
(L'8.6 m) was of the order of 1.5 to 3.5ms for the energy
range under consideration. The time period of the pul
beams used were chosen to be more than the flight tim
the recoils, 2 and 4ms for the 16O and 32S beams, respec
tively. The width of the beam pulse used was 40 ns. A typi
two-dimensional spectrum of the TOF vs the energy of
recoils is shown in Fig. 1. The clean separation between
ER’s and the scattered beam enabled us to measure
sections down to 100mb without difficulty. Four monitor
detectors placed symmetrically~out of plane! about the beam
direction at angles of 20° giving a reaction angle of 28° w
used for beam monitoring and absolute normalization
charge resetting carbon foil of thickness'5 mg/cm2 was
placed at a distance of 10 cm downstream from the tar
The ER’s were allowed to pass through this foil before e
tering HIRA so that charge could be equilibrated.
To obtain the absolute cross sections the efficiency
HIRA was estimated at each energy using the measu
charge, energy, mass and angular distributions@21,22# at few
representative energies and from the predictions of the
tistical model codePACE @23#. Data were collected in even
mode. Considering the precision of the data required to
FIG. 1. Two dimensional plot of the total energy of the reco
(ER) plotted against the time of flight~TOF! for
32S1 120Sn at
Elab5114 MeV. There is good separation between the rec






















tract the barrier distribution@2#, care was taken to minimize
the random errors. Centering of the beam on the target
ensured by the four monitor detectors. This was to av
variation in the target thickness and HIRA efficiency. F
measuring the excitation function beam energy was alw
changed in one direction starting from the highest ene
For each projectile, measurements for the different tar
isotopes were made together under similar experime
conditions.
III. DATA REDUCTION










where Y is the yield of the evaporation residues,e is the
HIRA efficiency,C is the monitor counts,VM the solid angle
subtended by the monitor detector, anddsR /dV is the dif-
ferential cross section for Rutherford scattering in the la
ratory frame. The monitor counts were obtained from tak
the geometric mean of the counts in the four monitor det
tors. The beam energy was calculated from the NMR va
of the analyzing magnet of the Pelletron. Small correctio
for the energy loss through the carbon backing and half
thickness of the target~which is reasonable for thin targets!
were incorporated.
The measured cross sections are displayed in Fig. 2 w
the differences due to geometric origin in barrier height a
position are removed by introducing dimensionless variab
Ered5Ec.m.2Vb /\v and s red52s fusEc.m./Rb
2\v, whereVb
is the Coulomb barrier andRb is the corresponding position
of thes-wave barrier. This makes the inter-comparison eas
as the predictions of the 1D-BPM for all the systems over
completely through the entire energy range~dotted line!.
s
FIG. 2. The measured fusion cross sections in reduced sc
where they axis is defined as red52s fusEc.m./Rb
2\v andx axis is
Ered5(Ec.m.2Vb)/\v. The dotted line is the 1D-BPM prediction
for all the systems.4-3
r-
-
VANDANA TRIPATHI et al. PHYSICAL REVIEW C 65 014614FIG. 3. Experimentally extracted fusion ba
rier distribution using Eq.~3.2! for the systems
16O1 112,116Sn and32S1112,120Sn as a function of
Ec.m.. The corresponding barrier distribution ob











































Some qualitative features can be observed straight a
First, there is a larger cross section enhancement obse
for the set of 32S1 ASn systems as compared to the16O
1 ASn systems a feature expected from the higher valu
ZpZt for the former. Also, for the
16O1 ASn systems there i
no isotopic dependence observed. Cross sections for bot
systems overlap down to the lowest energies. However,
the 32S1 ASn systems we see a relative enhancement w
120Sn showing more cross section at energies below the C
lomb barrier as compared to112Sn. It is also clear that the
slopes of the excitation functions for the two sets of syste
are different. For the16O1 ASn systems the cross sectio
falls quite rapidly as the energy is reduced below the C
lomb barrier, this effect should be evident prominently in t
barrier distribution.
The barrier distribution which is related to the seco
derivative of the cross section was extracted for the syst









A DE of 1.8–2.2 MeV in the center-of-mass frame was us
in calculating the second derivative. A slightly larger st
size was used at higher energies to reduce errors. The
sured distributions are shown in Fig. 3 along with that d
rived from a 1D-BPM calculation using parameters given
Table III. The errors on the experimental barrier distributio
are proportional to the absolute error on the fusion cr
section and increase with increasing energy. A small perc
age error on the fusion cross section leads to a large erro
the derived second derivative thus poorly defining the
perimental barrier distribution at higher energies. As was
dicated by the different slopes of the excitation functions,
shapes of the experimental barrier distributions are also v
different. For the 16O1 112,116Sn systems we see a sing






















nominal Coulomb barrier. For the32S1 112,120Sn systems the
barrier distribution is broad and flat with no well define
peaks. This difference may be indicative of different cha
nels affecting the fusion process in the two cases as the
rier distribution is very sensitive to the nature of couplin
involved. The barrier distributions for the32S1 112,120Sn sys-
tems are compared in Fig. 4 as there are six neutron tran
channels with1Q values for the latter in contrast to one fo
the former. The shapes of the two barrier distributions
very similar indicating that the coupling to a large number
1Q value neutron transfer channel does not affect the sh
of the fusion barrier distribution significantly.
IV. COUPLED CHANNELS CALCULATION
To understand the above mentioned experimental ob
vations we performed coupled channels calculations us
the codeCCFULL @24#. The codeCCFULL is a coupled chan-
nels code which includes the nuclear couplings to full ord
FIG. 4. Experimental fusion barrier distribution for the system
32S1 112,120Sn as a function ofEc.m./VB . They axis is the reduced










































ISOTOPIC DEPENDENCE AND CHANNEL COUPLING . . . PHYSICAL REVIEW C65 014614and thus does not introduce the expansion of the coup
potential. The Coulomb couplings are however included
only first order. It uses the isocentrifugal approximati
which is found to work well for heavy ions. The incomin
wave boundary condition is applied at a distance inside
Coulomb barrier for describing fusion. The nuclear poten
parameters used in the calculations were chosen so as t~ !
fit the high energy fusion cross sections and give equiva
Coulomb barrier parameters obtained using an Akyu¨z Win-
ther parametrization@25# for the nuclear potential,~b! be
consistent with the ingoing wave boundary condition used
the coupled channels calculations@2#. The large value of the
diffuseness parameter are in agreement with other fu
analysis@3#.
A. 16O¿ 112,116Sn systems
Coupled channels calculations were performed to und
stand the effect of coupling to the vibrational states of the
targets on the fusion excitation function and the barrier d
tribution. The two systems (16O1 112,116Sn) do not have any
1Q value neutron transfer channels, so coupling to tran
channels was not included in the calculations. The projec
16O has a very high lying first excited state (Jp532) at 6.3
MeV and it has been shown in earlier studies@19# that cou-
pling to such high lying~compared to the barrier curvature!
states is not important. The states included in the coup
channels calculations were the lowest 21 and 32 states of
Sn. The values of the excitation energies and deforma
parameter used in the calculations are given in Table II. T
parameters defining the nuclear potential used in the ca
lations are given in Table III along with the derived values
the Coulomb barrier parameters.
The calculations performed including only the 21 and 32
states of Sn~one phonon coupling! are shown by the dot
dashed line in Figs. 5 and 6 for the112Sn and 116Sn case,
respectively. The upper panel is the excitation function a
the lower the barrier distribution in both the cases. As see
the figures the theoretical predictions are in good agreem
with the experimental data for the excitation function. T
shape of the experimental barrier distribution is also c
rectly reproduced though there is a mismatch in the heigh
the barrier. We then included the two phonon excitations
TABLE II. The energies and deformation values of the lo
lying 21, 32 states for the different nuclei~Refs.@31,32#!.
Nucleus lp E* ~MeV! bl
112Sn 21 1.256 0.158
32 2.354 0.185
116Sn 21 1.293 0.143
32 2.266 0.213
120Sn 21 1.170 0.137
32 2.40 0.176
16O 21 6.917 0.362
32 6.129 0.37























the harmonic oscillator approximation in the calculation
Here the energy of the two phonon state is taken to be tw
that of the one phonon and the deformation value is
square root of the quadratic sum of the deformation para
eters of the single phonon states. The states included in
calculation are 21, 32, (21)2, (32)2, and 21 ^ 32. The
results are displayed by the solid lines in Figs. 5 and 6 wh
show a better reproduction of the experimental data for b
the excitation functions and barrier distributions.
As can be seen from Fig. 6 the height of the barrier d
tribution is slightly overpredicted by the calculations inclu
ing up to two phonon states for the16O1 116Sn case. This
TABLE III. The potential parametersV0 , R0, anda0, used in
the coupled channels calculations. The derived barrier parame
obtained are also given.V0 , VB , and\v are in MeV; rest in fm.
System V0 R0 a0 VB RB \v
16O1 112Sn 100 1.06 0.83 51.35 10.27 3.81
16O1 116Sn 102 1.06 0.83 50.94 10.36 3.78
32S1 112Sn 201 1.00 0.90 98.21 10.70 3.71
32S1 116Sn 207 1.00 0.90 97.36 10.80 3.67
32S1 120Sn 209 1.00 0.90 96.73 10.88 3.64
FIG. 5. The experimental data and the results of the coup











































VANDANA TRIPATHI et al. PHYSICAL REVIEW C 65 014614difference cannot be ignored considering the fact that b
measurements were performed under exactly the same
ditions and so we do not expect any extra systematic er
for one case. In the16O1 120Sn system studied by Lag
et al. @26# the disagreement between the measured ba
distribution and similar calculations including up to two ph
non couplings is much more than116Sn. This may be sug
gestive of the need to incorporate the anharmonic natur
the two phonon states in the calculations@19,27#. For the Sn
isotopes a few mass numbers off the middle of the neu
subshell, there is a gradual decrease of the two phonon c
acter of the 41
1 and 02
1 states indicated by their reduce
transition rates@15#. The missing two phonon strength mig
have moved to the higher states making the harmonic
proximations less valid as we move to higher isotopes.
B. 32S¿ 112,116,120Sn systems
As compared to the16O1 ASn systems the vibrationa
coupling effects are expected to be stronger for the32S
1 ASn case because of the largerZpZt values. The first ex-
cited 21 state in 32S lies at approximately 2 MeV and i
collective (b2 /b2sp53.14) and thus will also contribute t
the sub-barrier enhancement. The two sets of systems d
also in terms of the transferQ values. While for16O1 ASn
all important neutron transfer channels had negative gro
stateQ values, it is not so for the32S1 ASn systems. The










important ground state1Q-value channels for the32S1Sn
systems are given in Table I. The measured excitation fu
tions and the extracted fusion barrier distributions for t
three systems are shown in Figs. 7, 8, and 9. Coupled c
nels calculations were performed for the three cases. C
pling to the inelastic excitation of the projectile was al
considered in addition to the target excitations. The poten
parameters used in the calculations are listed in Table III
For the 32S1 112Sn case, the results of coupled chann
calculations which included coupling to the 21 and 32 state
of target and 21 state of projectile are shown in Fig. 7 by th
dot-dashed line~1 phonon coupling!. At energies below the
barrier, there is an enhancement over the 1 phonon coup
case. The effect of coupling to the multiphonon states in b
target and projectile is shown by the solid line in Fig.
~multiphonon coupling!. The states included in the calcula
tion are 21, (21)2, (21)3, 32, (32)2, 21 ^ 32, (21)2
^ 32, and 21 ^ (32)2 of the target and 21 and (21)2 of the
projectile. This gives a reasonably good representation of
excitation function as well as the barrier distribution, as se
in Fig. 7, suggesting that the effect of transfer is not a do
nant factor in the fusion process in this case. This is
difficult to understand, as the only transfer channel whosQ
value is positive is12n transfer~see Table I! while all other
channels have negativeQ values. In general, a pair nucleo
t ansfer is much weaker than a single nucleon transfer
couples only weakly to the ground state. Hence, it would
affect the fusion process significantly. The analysis of58Ni
1 60Ni data @28# also brought out this point, where the e











































ISOTOPIC DEPENDENCE AND CHANNEL COUPLING . . . PHYSICAL REVIEW C65 014614perimental results could be explained without including
2n transfer channel, despite the fact that the ground statQ
value is zero and it was assumed to be important@29#.
Coupled channels calculations similar to32S1 112Sn sys-
tem were performed for32S1 116Sn ~Fig. 8!. Coupling to the
single phonon states could account for the bulk of the s
barrier enhancement. Effect of further coupling to the m
tiphonon states of both projectile and target were also inv
tigated. The states coupled were up to three phonon st
21, (21)2, (21)3, 32, (32)2, 21 ^ 32, and (21)2^ 32 of
the target and 21 and (21)2 of the projectile. Coupled chan
nels calculations including up to three phonon states re
duce the experimental excitation function and barrier dis
bution quite well however the fit is not as good as obtain
for 32S1 112Sn.
For the heavier isotope,32S1 120Sn system, there is a
additional enhancement observed in the excitation func
at energies below the Coulomb barrier. Results of coup
channels calculations including multiphonon states~with pa-
rameters similar to the other cases! are shown in Fig. 9 by
the solid line~multiphonon coupling! which do not explain
correctly the excitation function and the shape of the bar
distribution. Since the vibrational couplings are expected
be similar for the three Sn isotopes~as was seen in the16O
1Sn systems!, the extra enhancement for the32S1 120Sn
case can be correlated to the presence of many ground
1Q-value neutron transfer channels in this case. T















coupled channels calculation of the type reported here ca
include single or multinucleon transfer explicitly, it only in
cludes a pair transfer which is modeled as a fictitious p
vibration. Efforts were made to explain the experimental d
by including a pair transfer~with an equivalentb50.34) in
the calculations which met with little success~Fig. 9!. The
calculations treat transfer in a rather simplistic manner, he
the importance of coupling to transfer channels cannot
inferred unambiguously. However, since all possible inela
channels have been incorporated accurately, it does indi
to transfer being a possible cause of the observed enha
ment. Similar conclusions were drawn for40Ca1 124Sn sys-
tem @30# also, where the excitation function and barrier d
tribution could not be reproduced by calculations includi
coupling to inelastic channels only. Both systems have si
lar values ofZpZt and are characterized by positive grou
stateQ values for the neutron transfer channels. Improv
calculations incorporating the effects of single a
multineutron transfer are needed to understand these
tems.
V. SUMMARY
We have presented here precise fusion cross section m
surements for the systems16O1 112,116Sn and 32S
1 112,116,120Sn in an energy range covering 8% below t
barrier to roughly 12% above the barrier. Fusion barrier d
tribution was extracted from the measured excitation fu
tions. For the16O1 112,116Sn systems the fusion excitatio
functions and barrier distributions could be explained by
e


































VANDANA TRIPATHI et al. PHYSICAL REVIEW C 65 014614coupled channels calculations including the coupling to
low lying 21, 32 states of the Sn targets. As expected
strong isotopic dependence was observed, and hence i
be concluded that the effect of coupling to vibrational sta
in Sn is similar. Contrary to the lack of any isotopic depe
dence in the16O1 ASn systems, the observed enhancem
was larger for the32S1 120Sn system as compared to32S
1 112Sn. Considering that the effect of coupling to vibr
tional states are similar for all the Sn isotopes, one poss
cause for the additional enhancement in the case of120Sn
could be coupling to neutron transfer channels with posit
ground stateQ values. No additional broadening of the ba
rier distribution in case of120Sn was observed which is ex
pected from coupling to multinucleon transfer channe
Hence it is the surface vibrations which are dominantly
fecting the fusion process at energies near and below
Coulomb barrier, coupling to transfer channels turns ou
be a weak effect. The relatively weak isotopic depende
seen in the case of32S1 112,116,120Sn systems at energies b
































strong coupling to inelastic channels, the fusion process d
not seem to be very sensitive to the coupling to trans
channels. However, the increasing difference between
measured cross section and the calculations with full pho
couplings as the mass number increases from 112 to 12
an indication of the increasing influence of coupling to tran
fer channels. Investigation with heavier isotopes of Sn mi
illustrate this point further where coupling to transfer will b
more important.
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